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The technicel radio services broadcest continuously by the National
Bureau of Standards, Central Radio Propagaetion Laboratory, have been
extended to include four additional radio carrier frequencies (20, 25, 30

and 35 megacycles).

The accuracy of standard frequencies as broadcast has

been increased fivefold; it is now better than e part in 50,000,000,

A totel of eight radio frequencies (2.5, 5, 10, 15, 20, 25, 30 and 35 Me)

is now given. Seven or more trgnsmitters are on the air at all times, day
and night. This insures reliasble coverage of the United States and extensive.
coverage of other perts of the world.

The services are: (1) stendard radio frequencies, (2) time announcements,
(3) stendard time intervals, (L4) standard audio frequencies, (5) standard
masical pitch, Y40 cycles per second, corresponding to A above middle C,

(6) redio propagation disturbance warning notices,

All of the frequencies

are useful for field intensity recording by persons interested in studies of
The four highest frequencies are broadéast particularly
The radio frequencies gnd other data are:

radio propagation.
for this purpose.

Radio Time Power* Audio
frequency, broadcast, output, frequency,
megacycles per second EST kilowatts cycles per second
2.5 7:00 PM to 9:00 AM i To)
5 7:00 PM to 7:00 aAM i
5 7:00 AM to 7:00 PM L oeprrairooe~
10 ™ ~continuonsly ‘
15 contianougly 440 emd 4000
20 coatimuously LUG- and LOQC .
25 —continuousdy Yrg—gmtoco—
30 ~continuoualy =
35 ~coptinuquely hho

The station call letters (WWV) ard other anmoumcemeats in voice are given
each hour and helf hour. . :

For informatiom on quality of receptiorn as influemced by distamce,
carrier frequency, time of day, etc., see part 7 of thie ammouncement.

The Buresu welcomes reports om receptiom, methods of use, or special
applications of the service, particularly with refarence to the higher fre-

quencies which have been recently added.

COrresEondence should be asddressed

*vertical non-directional antennas sre used.



Central Radio Propagation Laboratory, National Bureau of Standards,
Washington, 25, D, C.

1. Standard Radio Freguency

The national standard of frequency is of value in radio, electreonic,
accoustic, and other measurements requiring an accurate freguency. Any
desired radio frequency, including microwave frequencies, may be accurately
measured in terms of the standard frequencles. This may be done by the aigd
of one or more auxiliary oscillators, harmonic generators, and radio receiv-
erz. The accuracy of each of the radio carrier frequencies, as transmitted,
is better than a part in 50,000,000,

2., Time Announcements

The audio freguencies are interrupted precisely on the hour and each
five minutes thereafter; after an interval of precisesly one minute they are
resumed.

The beginnings of the periods, when the audio frequencies are interrupted,
are in agreement with the basic time service of the U.S. Naval Observatorry
so that they mark accurately the hour and the successive 5-minute periods,

Bastern standard time is announced in telegraphic code each five minutes,
This provides a quick reference to correct time whers a timeplece may be in
error by a few minutes. The zero- to twenty-four-hour system is used start-
ing with 0000 at midnight, The firsu two figures give the hour and the last
two Tigures give the number of minutes past the hour. For example, at:
4:55 PM, or 1655 EST, four figares {1, 6, 5, and 5) are broadcast in code,
fhe time announcement refers to the start of an announcement interval, 1l.e.,
when the audio frequencies are interrupted. It occurs immediately after the
bheginning of each five-minute interval., At the hour and half-heur it 1s
followed by the station anncuncement in voice.

3, Standard Time Intervals

“There 1s on each carrier freguency a pulse of 0.005-second duration
which occurs at intervals of precisely one second. The pulse consists of
five cycles, each of 0.00l-second duration, and is heard as a faint tick
when listening to the broadcast; it provides a useful standard time interval,
for purposes of physical measurements, and for quick and accurate measurement
or calibration of timing devices or very levw frequency osciliators. It may
be used as an accurate time sicnal. On the 5%th second of every minute the
pulse is omitted. The l-minute, 4-minute, and 5-minute intervals, synchron-
ized with the seconds pulses, are marked by the beginning or ending of the
periods when the audio frequencies are off.

A time interval of one second marked by the pulse is accurate, as trans-
mitted, to one microsecond (= 0.000 001 second). A two-minute or longer
interval is accurate to & part irn 50,000,000.



The one-minute interval is provided in order to =ive time and station
announcements and to afford an interval for the checking of radio-frequency
measurements free from the presence of the audio frequencies,

4. Standard Auiio Freguencies
Two standard audio frequerncies, 440 cycles per second and 4000 cycles
per second, are broadcast., They are given on radio carrier frequencies as
swown in the table on page 1.

The two standard audio frequencies are useful for accurate measurement
or calibration of instruments operating in the audic or supersonic regions
of the frequency spectrum. <They may also be used for accurate measurement
of short time intervsals,

The accuracy of the audio frequencies, as transmitted, is better than
a part in 50,000,000. Transmission effects in the medium (Doppler effect,
etc.) may result at times in slight fluctuations in the audio frequencies
as received; the average frequency received is, however, as accurate as that
transmitted.

5, Stendard Musi

S e, it ot

The 440 cycles per second is the standard musical pitch, A above
middle C. It is broadcast for four minutes and interrupted for one minute
and this sequence is repeated continuously on each of the radio carrier fre-
quencies, This service is useful to musicians and those concerned with the
manufacture or maintenance of musical instruments, Sincs 1925 the standard
in the music industry of the U.S. has been 440 c¢/s.

S o o 2

A warning of radio propagation conditions is broadcast in code on each
of the standard redio carrier frequencies at twenty and fifty minutes past
the hour, If a warning is in effect, a series of "Wis" (in the telegraphic
code) follow the time announcement; if no werning is in effect, a series of
"Nis" (in telegraphic code) follow the time announcement.

A warning means that radio propagatinn disturbance is anticipated
within 12 hours, or is in progress, with its most severe effects on radio
transmission paths crossing the North Atlantic; i.e., those paths for
which the control points of transmission lie in or near the northern
auroral zone., Radio prcpegation disturbance is characterized by low
intensities, accompanied by flutter or rapid fadirig on the normal fre-
quencies used at the different times of the dey, or by complete blackout
of signals. By shifting to lower than normal frequencies for that time of
day it may be possible to get sigrnals through, although with lower than
normal intensity. Owins to increased auroral-zone absorption during the
disturbance, however, it may be impossible to have usable transmission on
any high frequency. Also, during a period of radio propagation disturbance
direction-finder observations may be unreliable.



If no warning is in effect, satisfactory transmission should be pos-
sible on the normal frequencies for the different times of day.

The usual daily time for changing the announced warning is 2100 GMT
(4 PM, EST). The warning is, however, issued at any hour when dis-
turbance becomes noticeable or anticipated. The announcement is returned
to normal whenever conditions seem quiet. Thus any time a radio operator
questions reception on North Atlantic paths, it would be advisable to
check with the WWV announcement to see whether conditions are considered
by the Bureau sufficlently disturbed toc make a warning desirable.

Some one of the frequencies of WWV should be receivable at every
location in the United States, Only during very severe storms would re-
ception of WWV within the continental United States be difficult. For
some Canadian or other users for whom the transmission path from WWV
enters into or near the northern auroral zone, it may be impossible to
receive any of the WWV frequencies at usable intensities during even
moderate storms, It is probable, if no WWV frequency can be heard at
hours when normally audible, that a warning is in effect.

The use of WWV for issuing the Bureau's North Atlantic radio dis-
turbance warning makes the service available to all users of high-
frequency receivers. The service shouid be of use in explaining or
anticipating radio propagation conditions existing over North Atlantic
paths in particular, and even on paths within the continental United
States during severe radio propagation disturbances.

The radio disturbance warning does not apply to sudden lonospheric
disturbances, which are unpredictable. These occur only at timss when
at least part of the transmission path is in sunlight. This type of
disturbance is characterized by the received intensity dropping to zero,
very rapldly, usually within a minute or so, and remaining out from a
few minutes to two hours, The effect is greater on the lower high
frequencles, and on paths close to the equator or whose control points
are close to noon, Usually the only %iransmission possible during a
sudden ionosphere disturbance is by VLF or by ground waves over short
paths., The use of the highest frequency available, as long as it ie
below the maximum usabie frequency for the path in question, may shorten
the duration of the fadeout. During the next few years, while approach-
ing sunspot maximum these sudden lonosphere disturbances will increase
in intensity and frequency of occurrence., They are caused by eruptions
on the sun, more of which are observed during the years around sunspot
maximum,

7. Distance Range of Reception

Of the radio frequencies on the air at a given time, the lowest
provides service to short distances, and the highest to great dis-
tances, Reliable reception is in general possible at all times through-
out the United States and the North Atlantic Ocean, and fair reception
throughout the world. OUne should select the frequency that gives best



5

reception at any particular place and time. This can be done by two
methods:

a, By tuning to the different frequencies and selecting the one
most suitable at that time. For night-time conditions over the
propagation path lower frequencies than those used during the day
are usually necessary beceuse of skip, but received intensities on
those frequencies are much greater than for daytime conditions.

b. By making use of techniquee of prediction of usable fre-
quencies,

In spite of the great number of variables affecting radio wave propa-
gation and distance range, techniques exist for the prediction of usable
frequencies over any specific path during any future month. By means of
such techniques and the Central Badio Propagation Laboratory's forecast
service, it is possible for a user to prepare for his locality & graph or
table showing the best frequency for any period of the day in any month,
three monthe in advance., Monthly publications giving these techniques
and forecasts may be obtained by writing to Central Radio Propagation
Laboratory, National Bureau of Standards, Washington 25, D, C,

For continuous 24-hour reception without a break, the use of more
than one receiver and antenna is necessary, With skilled operators to
anticipate times for frequency shifting and with schedules prepared as
under (b) above as a guide, it may in some cases be possible to operate
continuously with two receivers., For maximum certainty of reception it
is necessary to employ as many receivers as there are receivable WWV
frequencies at the location, leaving them all in operation continuously
and combining thelr outputs.

The world map on the cover sheet is a modified reproduction of a
larger map supplied by the Navy Department, Hydrographic Office. It
gives directly agzimuths and great circle distances from station WWY
to all points on the earth's surface.



